Background: Chest trauma is a significant cause of mortality and morbidity, especially in the younger population. Injuries to the thorax are the third most common injuries in trauma patients, next to injuries to the head and extremities. Outcome and prognosis for the vast majority of patients with chest trauma are excellent. There are many predictors of mortality in chest trauma patients. However, the present standards for assessing thoracic trauma vary widely. For this in 2000 Pape et al. developed the Thoracic Trauma Severity Score (TTSS), which combines the patient's age, resuscitation parameters, and radiological assessment of the thorax. The aim of this study: was to assess the validity if any of the Thorax Trauma Severity Score and its ability to predict mortality in blunt chest trauma patients. Methodology: It was a cross-sectional study included 30 patients. Results: It (TTSS) was found to be a good predictor of mortality among the studied patients on initial evaluation, with a score larger than 7. The score is 100% sensitive and 100% specific for prediction of poor outcome (Death and ICU admission) versus good outcome (Discharge from ER and inpatient admission) with 100% positive predictive value and 100% negative predictive value. Conclusion: This study supports the use of the TTSS for predicting mortality in thoracic injury patients, as higher scores associated with higher mortality and morbidity.
Introduction
Chest trauma is a significant cause of death and morbidity, especially in the younger population. [1] Injuries to the thorax are the third most common injuries in trauma patients, next to injuries to the head and extremities. Thoracic trauma has an overall fatality rate of 15-25%. Furthermore, the presence of thoracic injuries in the setting of multi-systemic trauma can significantly increase patient mortality. [2, 3] Chest trauma may be due to penetrating or blunt trauma. [4] Road traffic crashes (RTCs) are the commonest cause of blunt chest injuries in private practice accounting for up to 70% in some series. Blunt trauma is more common than penetrating chest injury, accounting for more than 90% of thoracic injuries. [5] Outcome and prognosis for a vast majority of patients with chest trauma are excellent. Most (>80%) require either non-invasive therapy or at most a thoracostomy tube. The most important determinant of outcome is the presence or absence of significant associated injuries. [6] The present standards for assessing thoracic trauma vary widely. A scoring system that can predict complications in thoracic trauma patients needed. For this in 2000 Pape et al. developed the Thoracic Trauma Severity Score, the TTSS combines the patient's age, resuscitation parameters, and radiological assessment of the thorax. (Table 1) [7] So, the aim of this study was to assess the validity if any; of the Thorax trauma severity score and its ability to predict mortality in blunt chest trauma patients, this requires follow-up of the cases in this study to assess its prognostic capability in correlation with other included parameters of severity.
Patient and Methods
The study included 30 patients with inclusion criteria of (above the age of 18 years old, both sexes) attending emergency department presenting with isolated blunt chest trauma. The exclusion criteria included Penetrating chest trauma, blunt trauma associated with healthy ones, a patient's with burn, any respiratory disease that affects pulmonary functions, pregnancy, malignancy, and end organ failure. The patient was clinically assessed and managed as per the ABC protocol just on arrival to Emergency Department; Blood samples drew; CBC and arterial blood gasses analyzed. Chest X-ray, chest computed topography, electrocardiogram, or echocardiography to assess cardiac injury if any. Outcomes were then recorded along with the patient's data and applied to the scoring system to fulfill all the parameters included in the score.
Results
The study revealed that (40%) of the patients were less than 30 years old and that (76.7%) were males. Regarding the mechanism of injury, the motor car accident was the most common assault; (76.7%) while other trauma mechanisms accounted only for (23.3%) of injuries.
Upon view of the primary survey of the studied patients, on a presentation, the majority (60%) had a heart rate of 100-120 beats/minute. As regard to systolic blood pressure; 24 patients (80%) was equal to or above 100mmHg. Moreover, finally, a respiratory rate which had a significant statistical difference in the outcome of the patients; as all fatalities were in the range of 20-29 while all early discharged patients were of 12-20 breath per minute. (Table 2) Regarding the trauma findings; the PaO2/FiO2 ratio was ranging from 150-200 in eight patients (26.6%), followed by range of 201-300 in (23.3%), then ≤ 150 in six patients (20%), more than 400 in (16.7%), and finally with range of 301-400 in (13.4%).
Statistical analysis showed that a ratio <150 was related to mortality with a p-value (0.004), as the mean ratio in early death cases was (102.5) and was (429.5) in cases discharged early from the ER. Regarding the PaO2/FiO2 ratio, it was noticed to have a statistical significance regarding outcome as shown in this table. (Table 3) Thoracic bony injuries were mostly in the form of fractured 1-<3 ribs (53.3%) that is not forming a segment, followed by flail chest in ten patients (33.3%); lateral flail (right side) in six patients and sternal flail in four patients. Fracture of >3-6 ribs (not forming a segment) addressed in two patients (6.7%); one right and one left, also the fracture of more than three ribs bilateral (not forming a segment) found in two other patients (6.7%).
Upon lung contusions; we discovered that twelve patients (40%) had <2 contused lobes ipsilaterally. No evidence (either on chest radiograph or CT chest) of lung contusion observed in (26.6%), involvement of one lobe unilaterally in (20%), one lobe bilateral in (6.7%), less than two lobes bilateral in (6.7%), while none presented with more than two lobes on each side. We also found that twelve patients (40%) had pneumothorax; ten unilateral and two bilateral.
Unilateral hemothorax or hemopneumothorax was in (26.7%), four patients (13.3%) had tension pneumothorax, and another four (13.3%) was free of any pleural involvement. Only two patients (6.7%) had bilateral hemothorax or hemopneumothorax. Our statistical analysis of data showed a meaningful relationship of mortality in patients with tension pneumothorax (p-value 0.011).
During our study, we noticed that twenty-six patients (86.7%) were free of mediastinal injuries, while four patients only (13.3%) had such injuries, and out of those with specific injuries two patients died (50%). Management of most of the patients was conservative; twenty-four patients (80%) including twenty-two patients with chest tube insertion and two patients discharged with follow-up instructions. Only six patients (20%) needed open thoracotomy.
Fourteen patients (46.6%) admitted to Cardiothoracic ICU after initial assessment; twelve patients (40%) admitted to Inpatient Ward, two patients (6.7%) died at ER, and another two patients (6.7%) were discharged home from the ER.
On application of the thoracic trauma severity score, ten (33.3%) of the studied patients scored 0-5, eight (26.6%) scored 6-10, six (20%) scored 11-15, four (13.3%) with a score of 16-20, and only two (6.7%) scored ≥ 21. Higher scores attributed to high risk of mortality. Out of those who scored 0-5, two was discharged, and eight admitted to Inpatient Ward, with a score of 6-10, four admitted to Inpatient Ward and another four to ICU. All of those who scored 11-20 admitted to ICU, and above that score (≥ 21-25) the fate was the early death of two patients. (Table 4) 
Discussion
Our study results match a study performed in 2014, in Pakistan, where the mean age was (44.8±17.1) years, (79.9%) were male patients. [8] In 2012, in Hannover Germany, a study was conducted on patients with multiple injuries (mean age 42.7±17.0 y) were included; (73%) were males and (27%) were females. [9] Old age was associated with high mortality rates in our study (with the mean age of mortalities 60 y.) even with an absence of chronic illnesses, as we excluded co-morbidities in our study. (Table 5) That coincides with what Shahram et al. suggested; where increasing age has been found to be an independent risk factor for a poor outcome after isolated thoracic trauma; (defined as 65 years and older) have up to four-fold greater morbidity and mortality compared with injury severity score-matched younger patients, especially due to thoracic injuries. [10] Regarding the mechanism of damage, the motor car accident was the most common assault and showed a statistically significant difference. It was also documented by Global et al. in 2012, in KSA where road traffic accidents accused of injury in (81.25%), and other mechanisms accounted for (18.75%).
[11] Table 1 The Thoracic Trauma Severity Score; (TTSS) to predict outcomes in thoracic trauma patients.
Parameter
Finding Points Notes: for calculation of the total score, all categories are summed; a minimum value of 0 points and a maximum value of 25 points can be achieved. Table ( Also thoracic bony injuries results were entirely relevant to what was stated by Shahzad et al; who found that on chest radiograph of all blunt chest trauma patients; (37.8%) had 3-6 rib fractures, (23.8%) of patients were having 1-<3 rib fractures, flail chest in (21%) and >3 bilateral rib fractures in (17.4%). (8) Upon lung contusions, we observed that they associated with mortality, especially with bilateral involvement. A retrospective study of blunt chest trauma in Baltimore, Maryland showed that severe thoracic parenchymal injury can be present even in the absence of thoracic bony fractures. [12] Again regarding pleural involvement among the studied cases; the results quite match what implicated by Shahzad et al., where they documented that (33.3%) presented with unilateral while (9.1%) with bilateral pneumothorax, one-sided hemothorax in (55.5%) while bilateral was in (21%) of cases. [8] Our statistical analysis of data showed a significant relationship of mortality in patients with tension pneumothorax. Chad G. et al. evaluated the records of all patients with severe chest trauma, among patients with blunt injuries; the incidence of tension pneumothorax was 1.4%. [13] A study of pneumothorax in severely traumatized patients also showed that the p-value for mortality in TPT was -0.63. [14] During our study, we noticed the mediastinal injuries if any, and out of those with specific injuries two patients died (50%). In 2009, Manuel et al. addressed that the mortality rate was 38%. In patients with the blunt thoracic trauma, that was diagnosed with pneumomediastinum. [15] Figure (1) shows that the TTSS; Thoracic trauma severity score when larger than (7) is 100% sensitive and 100% specific for prediction of poor outcome (Death and ICU admission) versus good outcome (Discharge from ER and inpatient admission) with 100% positive predictive value and 100% negative predictive value.
Age
A retrospective study conducted at the cardiothoracic surgical unit of the University College Hospital, Ibadan. On all blunt chest injury patients over a 20 years period and concluded that majority of blunt chest trauma can be managed by simple procedures with minimal complications; that (72.9%) of cases had either closed thoracostomy drainage or clinical observation, (27.1%) had major thoracic surgical intervention [16] , that was also quite relevant to our results.
Also regarding management; we noticed after data analysis that the need for mechanical ventilation associated with mortality and high morbidity. In 2002 a study was conducted on patients with blunt chest trauma; endotracheal intubation was performed at the scene or in transit on (52%) of patients, and that associated with poor prognosis. [17] The fate of the studied cases was close enough to what Shahzad et al. noticed in their study; where (50.3%) admitted to ICU, (40.6%) were admitted to Inpatient Ward, (6.1%) were discharged home and only (3%) died. [8] On application of the studied score, we noticed that higher scores attributed to high risk of mortality. Out of those who scored 0-5, two was discharged, and eight admitted to Inpatient Ward, with a score of 6-10, four admitted to Inpatient Ward and another four to ICU. All of those who scored 11-20 admitted to ICU, and above that score (≥ 21-25) the fate was the early death of two patients that was close enough to what Shahzad et al. discovered in their study. [8] Using the ROC curve analysis; it showed that the TTSS above a score of 7, the score showed 100% sensitivity and also 100% specificity for predicting the outcome of thoracic trauma patients; keeping in mind that we are testing the score in patients with isolated thoracic trauma. That meets with what found in 2014 in Pakistan, where they concluded that there is a significant relationship between outcome and TTSS. Outcomes worsened with increased score, using Chi-square test, results showed the statistically significant association between patient's outcome and Thoracic trauma severity score (TTS). [8] (Fig.1) In 2011 Tjeerd et al., in The Netherland; had a study to demon- strate an association between the TTSS and thorax-related death. The score was significantly higher in patients who died of other complications. Also, the thorax trauma-related complication rate has been shown to be high (27%) and can be severe. [18] Also, it showed [18] that the TTSS is significantly greater in patients who develop ARDS after thorax trauma. In 2012, Philipp M et al. suggested a study regarding outcomes of chest trauma patients comparing different thoracic trauma scoring systems reviled that among the examined scoring systems, only the TTS was an independent predictor of mortality. Patients with a TTS > 9 had a 4-fold risk of death. [9] Furthermore, the TTS showed the best prediction power compared with CT-independent scoring systems (AISchest, PCS) and the CT-dependent Wagner-score. As the diagnostic value of conventional radiography of the chest seems to be not as limited in their study as they described, it is reasonable that the TTS combining anatomical and physiologic parameters are superior to CT-dependent and CT-independent scoring systems based only on fundamental parameters. Primarily, the inclusion of age as a component of the TTS may contribute to its predictive value, coincide with what also documented by Lotfipour S et al. in 2009 that age identified as a risk factor for post-traumatic complications and poor outcome following thoracic trauma. [19] Previously in 2002, Frank H et al. addressed that as the TTS does not require chest CT, it is usable in every hospital and can be calculated quickly. By using the "receiver operating characteristic (ROC) curve" it could be shown, that with a value of 0.924, the TTS is superior to all other described scores. The TTS offers a simple, reliable solution to the problem of initial, CT-independent judgment of the severity of thoracic trauma. [20] 
Conclusion
Most of the patients were young adults, and more than half of them were males. Motor vehicle collisions were responsible for most of the cases.
Most of the patients presented with mild tachycardia and normotensive state. Mild tachypnea was the only vital signs that showed statistically significant difference between good and poor outcomes.
Also, it was found that hypoxemia was a significant predictor of mortality. Most bony injuries were on the same site of trauma in the form of fracture one to three ribs.
Lung contusions were presented mostly as less than two lobes ipsilateral and that bilateral involvement associated with higher mortality. The majority of patients had pneumothorax and tension pneumothorax showed statistically significant difference between good and poor outcomes.
Only a small percentage of cases had mediastinal injuries; that are not a part of the TTSS parameters; however it showed a significant relation to poor outcomes, as half of them died.
The management plan was almost always conservative except for certain cases where emergent or possible surgery performed. A significant number of patients needed early intubation and mechanical ventilation, which also associated with poor outcomes. Regarding the results; the majority of cases were admitted either to ICU or Inpatient ward and only a small fraction were between the two extremes, either discharged early or died immediately at ER.
This study supports the use of the TTSS for predicting mortality in thoracic injury patients, as higher scores associated with higher mortality and morbidity.
Sex, heart rate, systolic blood pressure, and some ribs fractured had no statistically significant difference between good and poor outcomes.
